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Abstract Background. Cachectin, or tumor necrosis 
factor-a (TNF-a), is a principal mediator of the inflamma- 
tory response and may be important in the pathogenesis 
and progression of multiple sclerosis, an inflammatory dis- 
ease of the central nervous system. 

Methods. In a 24-month prospective study, we used a 
sensitive enzyme-linked immunosorbent assay to deter- 
mine levels of TNF-a in cerebrospinal fluid and serum in 
32 patients with chronic progressive multiple sclerosis and 
in 20 with stable multiple sclerosis and 85 with other neu- 
rologic diseases. An attempt was made to relate TNF-a 
levels with the degree of disability of the patients with mul- 
tiple sclerosis and with their neurologic deterioration dur- 
ing the 24 months of observation. 

Results. High levels of TNF-a were found in the cere- 
brospinal fluid of 53 percent of the patients with chronic 
progressive multiple sclerosis and in none of those with 
stable multiple sclerosis (P<0.001). TNF-a was detected 
in the cerebrospinal fluid of 7 percent of the controls 

MULTIPLE sclerosis, an inflammatory and de- 
myelinating disease of the central nervous sys- 
tem, is regarded as a major cause of neurologic 
disability among young adults. 1 The disease follows 
a chronic, recurrent course and is associated with 
well-established immunologic aberrations that involve 
both B lymphocytes 2 and T lymphocytes. 3 Newly 
formed plaques in the brains of patients with multiple 
sclerosis have been reported to contain T lymphocytes 
and macrophages at their active edges. 4 Both types of 
cell secrete cachectin, also termed tumor necrosis fac- 
tor-a (TNF-a), a cytokine that has been suggested as 
an important mediator in several inflammatory dis- 
orders, including those affecting the central nervous 
system. >7 TNF-a has also been shown to be capable of 
selectively damaging oligodendrocytes and myelin 
sheaths in vitro, 8 a finding that may be relevant in the 
context of disease progression in patients with multi- 
ple sclerosis. 

In an attempt to identify an in vivo correlation of 
TNF-a levels to the severity of disease in multiple 
sclerosis, we measured free TNF-a levels in samples of 
cerebrospinal fluid and serum from 32 patients with 
chronic progressive multiple sclerosis and correlated 
them with clinical evidence of disease progression 
over a period of two years. Findings were compared 
with those from patients with clinically stable multiple 
sclerosis as well as from patients with various other 
inflammatory and noninflammatory neurologic dis- 
eases. 
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(P<0.01) with other neurologic disease. In patients with 
chronic progressive multiple sclerosis, mean TNF-a levels 
were significantly higher in the cerebrospinal fluid than in 
corresponding serum samples (52.41 vs. 1 1 .88 U per milli- 
liter; range, 2 to 178 vs. 2 to 39; P<0.001). In these pa- 
tients, cerebrospinal fluid levels of TNF-a correlated with 
the degree of disability (r = 0.834, P<0.001) and the rate 
of neurologic deterioration (r = 0.741, P<0.001) before 
the start of the study. Cerebrospinal fluid levels also corre- 
lated with the increase in neurologic disability after 24 
months of observation (r = 0.873, P<0.001). 

Conclusions. These data provide evidence of intrathe- 
cal synthesis of TNF-a in multiple sclerosis and suggest 
that the level of TNF-a in cerebrospinal fluid correlates 
with the severity and progression of the disease. Our re- 
sults suggest that TNF-a may reflect histologic disease 
activity in multiple sclerosis and could be used to monitor 
outcomes or responses to therapy. (N Engl J Med 1991 ; 
325:467-72.) 

Methods 

Selection of Patients 

The study was planned prospectively with stringent selection cri- 
teria. Patients were selected for further study if they had clinically 
established multiple sclerosis, 9 had a chronic progressive disease 
with clear adherence to the originally assigned disease type, were 
between 20 and 50 years of age, had cerebrospinal fluid samples 
collected at entry and at the time of the disability assessment, were 
able to attend a follow-up appointment 2 years after entry into the 
study, and had details of the duration of the disease clearly docu- 
mented in their medical notes. We excluded patients with disorders 
that compromised assessment of neurologic function, such as arthri- 
tis deformans, major amputations, or psychoses; patients who had 
other types of illnesses that could afTect the outcome of the study; 
pregnant women or those planning to become pregnant within two 
years; and patients who had received treatment with steroids for one 
year before entry, or immunosuppressive medications or total 
lymphoid irradiation at any time. 

Of 265 patients with multiple sclerosis who were originally 
considered, 32 patients with chronic progressive multiple sclero- 
sis satisfied the preestablished selection criteria and were included 
in the study. They had a mean age (±SD) of 37.4±6.3 years 
and had had steady progression of the disorder since its onset. 
Their degree of disability at the time of the collection of cerebrospi- 
nal fluid was assessed with the expanded disability status scale 
(EDSS). I() This scale, which helps monitor the natural history of 
multiple sclerosis and the response to treatment, uses a scoring 
system with 0.5-step increments to record objective neurologic im- 
pairment; scores range from 0 (normal) to 10 (death due to multiple 
sclerosis). 

All patients with chronic progressive multiple sclerosis were re- 
quired to have objective evidence of disease progression without 
remission or stabilization for a minimum of one year before the 
study, with an increase of 1.0 or more points on the EDSS. At the 
beginning of the study they had EDSS scores of 3 to 6. The rate of 
neurologic deterioration was evaluated by the progression in- 
dex, 11,12 which is defined as the ratio of the disability status (i.e., the 
EDSS score) to the duration of the disease in years. This index is 
considered a reasonable estimate of the rate of deterioration. 12 A 
small quotient (<0.2) means a benign course, whereas larger quo- 
tients indicate active disease (values above 1.5 indicate a malignant 
course). The duration of disease varied among the patients (range, 
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1 to 14 years), so that the EDSS and the progression index effective- 
ly measured two variables. 

On the initial visit, levels of TNF-a in cerebrospinal fluid and 
serum were measured by an investigator who was unaware of the 
patients' clinical status and the degree of disability was assessed 
with the EDSS. The patients were then followed regularly for two 
years. No samples obtained before the study began were included. 
At the end of the study, progression-index scores and EDSS scores 
were determined for all patients by the same examiners who evalu- 
ated them at the beginning of the study to avoid interexaminer 
variability. 13 The investigator who measured EDSS at the end of 
the study did not know the patients' TNF-a levels. 

Controls 

Paired samples of cerebrospinal fluid and serum were obtained 
from 20 patients with stable multiple sclerosis who were matched 
for age, sex, and the extent of disability to serve as disease con- 
trols. Paired samples were also obtained from 85 age-matched 
and sex-matched patients with various neurologic diseases to 
serve as a neurologic control group. This group consisted of 
6 patients with bacterial meningitis, 3 with the acquired immuno- 
deficiency syndrome (AIDS)-dementia complex, 7 with acute 
Guillain-Barre syndrome, 5 with neurosarcoidosis, 6 with cerebral 
lupus, 5 with myasthenia gravis, 10 with cerebrovascular accident, 
8 with motor neuron disease, 5 with hereditary sensorimotor 
neuropathy, 10 with benign intracranial hypertension, 10 with 
Alzheimer's disease, 6 with Parkinson's disease, and 4 with 
Huntington's disease. 

Assays 

All assays were performed in a blinded fashion on coded sterile 
samples. To prevent the degradation of protein, 1000 kallikrein 
inhibitory units of protease inhibitor (aprotinin, Sigma) was added 
to each milliliter of cerebrospinal fluid and serum at the time of the 
sample collections. The cells were then separated by cytocentrifuga- 
tion, and all samples were filtered through a 0.22-/xm disposable 
sterile filter (Millipore) to remove contaminating particulate mate- 
rials. Samples were subsequently frozen in aliquots at — 70°C and 
thawed just before use. 

Levels of TNF-a in native cerebrospinal fluid and diluted serum 
samples were measured by a sensitive sandwich-type enzyme-linked 
immunosorbent assay 14 with a purified monoclonal antibody to hu- 
man TNF-a (Chiron) and rabbit polyclonal antihuman TNF-a 
antibody (Genzyme). A standard curve was generated on each as- 
say with freshly diluted standard concentrations of purified recom- 
binant human TNF-a (Genzyme). This method can detect levels in 
excess of 0.01 U per milliliter, and reproducible positive results 
were obtained on repeated testing. One unit of TNF-a was defined 
as the amount of TNF-a required to mediate half-maximal cytotox- 
icity of L929 cells in the presence of dactinomycin. 

Oligoclonal IgG bands were detected in cerebrospinal fluid 
by agarose isoelectric focusing. 15 The amount of IgG synthe- 
sized intrathecally was calculated according to the formula of Tour- 
tellotte and Ma, 1 ' 1 and the total protein content of cerebrospinal 
fluid was determined by the benzethonium chloride precipitation 
technique. 17 The cerebrospinal fluid cell count was performed 
within six hours of the lumbar puncture; after preparation in a 
Shandon cytocentrifuge, cells were stained with Giemsa stain and 
examined. 

Statistical Analysis 

Confidence intervals for nonparametric data were calculated, 18 
and the Wilcoxon rank-sum test, Spearman rank correlation, and 
two-sided Mann-Whitney test were used as appropriate for statisti- 
cal analysis. The relative relations of levels of TNF-a in cerebrospi- 
nal fluid to clinical and biochemical indicators in all patients with 
chronic progressive multiple sclerosis were tested by forward step- 
wise multiple logistic-regression analysis, 19 with TNF-a levels in 
cerebrospinal fluid as the dependent variable. Log transformation 
was necessary because of the skewed distribution. Backward step- 



wise logistic-regression analyses were also performed and produced 
identical results in all cases. Statistical analyses were performed 
with SPSS/PC + software. All P values in the study were two-tailed. 

Results 

Separate studies of samples not treated with apro- 
tinin showed that the addition of the protease inhibi- 
tor improved the detectability of TNF-a in cerebro- 
spinal fluid and serum sixfold. TNF-a was stable 
provided repeated thawing and refreezing of the sam- 
ples was avoided. 

Elevated levels of TNF-a were detected in the cere- 
brospinal fluid of 1 7 patients with chronic progressive 
multiple sclerosis (53 percent) and in none of the 
group with stable multiple sclerosis (Fig. 1). High cer- 
ebrospinal fluid levels of TNF-a were detected in two 
patients with chronic progressive multiple sclerosis in 
whom no serum levels were detected. Conversely, high 
TNF-a levels (mean, 3.8 U per milliliter) were found 
in serum samples from three patients with progressive 
disease who had no detectable levels of TNF-a in cere- 
brospinal fluid. In the control groups, high levels of 
TNF-a in cerebrospinal fluid and serum were detected 
in six patients (7 percent): three with bacterial menin- 
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Figure 1 . Levels of TNF-a in Cerebrospinal Fluid (•) and Serum 

(O) in the Study Groups. 
Bars indicate median values and 95 percent confidence intervals. 
The shaded area represents the limit of detection of the assay. 
Cerebrospinal fluid levels of TNF-a in patients with chronic pro- 
gressive multiple sclerosis were significantly higher than in those 
with stable multiple sclerosis (P<0.001) or in the control 
group (P<0.01). 
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gitis, two with AIDS-dementia complex, and one 
with Guillain-Barre syndrome (Fig. 1). Three other 
patients in the control group (two with Guillain- 
Barre syndrome and one with AIDS-dementia com- 
plex) had detectable levels of TNF-a (mean, 14.2 
U per milliliter) only in serum. 

In 17 patients with chronic progressive multiple 
sclerosis who had detectable levels of TNF-a, the 
mean (±SD) levels in cerebrospinal fluid were signifi- 
cantly higher than those in corresponding samples of 
serum (97.88±47.84 vs. 20.94± 10.92 U per milliliter; 
95 percent confidence interval, 74.42 to 122.87 vs. 
15.32 to 26.55). Cerebrospinal fluid levels of TNF-a in 
these patients correlated with the EDSS scores at the 
beginning of the study (Fig. 2) and with the progres- 
sion-index values (Fig. 3). 

In the patients with chronic progressive multiple 
sclerosis, the relation of TNF-a levels in cerebrospinal 
fluid to clinical and biochemical indicators of dis- 
ease progression were analyzed by multivariate re- 
gression analysis. TNF-a levels did not correlate with 
the presence of oligoclonal IgG bands in cerebrospinal 
fluid, intrathecal IgG synthesis, cerebrospinal fluid 
total protein, or pleocytosis (Table 1). TNF-a levels 
were correlated with the EDSS score (P<0.0005), the 
change in the EDSS score from the first visit to the 24- 
month visit (P<0.0001), and the progression-index 
value (P = 0.027). 

In the majority of patients with chronic progressive 
multiple sclerosis, symptoms continued to worsen 
during the two-year study period, whereas only two 
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Figure 2. Relation between the TNF-a Level in Cerebrospinal 
Fluid and the Degree of Disability on Entry into the Study in Pa- 
tients with Chronic Progressive Multiple Sclerosis. 
The degree of disability was evaluated by the EDSS. TNF-a lev- 
els were significantly correlated with the EDSS score (r = 0.834, 
P<0.001) in patients who had detectable levels of TNF-a in 
cerebrospinal fluid. 




Progression Index 

Figure 3. Relation between the TNF-a Level in Cerebrospinal 
Fluid and the Progression Index in Patients with Chronic Progres- 
sive Multiple Sclerosis on Entry into the Study. 
TNF-a levels were significantly correlated with the progression 
index (r = 0.741, P<0.001) in patients who had detectable 
TNF-a in cerebrospinal fluid. 



patients with stable disease had mild worsening of 
symptoms. There was a significant increase in the 
degree of disability during the 24-month period 
in patients with chronic progressive multiple sclero- 
sis who had elevated cerebrospinal fluid TNF-a levels 
at entry (Table 2). One patient, who had a TNF-a 
level of 176 U per milliliter in cerebrospinal fluid 
and an EDSS score of 6.0 on entry into the study, died 
after 22 months of follow-up. In contrast, there was 
no significant increase in the degree of disability in 
patients with progressive disease who showed no 
TNF-a reactivity on entry into the study (Table 2). 
Six patients with chronic progressive multiple sclero- 
sis who had a decline in the EDSS score of more than 
3 points were treated with steroids during the follow- 
up period — an approach that did not significantly 
alter the rate of disease progression. No patient re- 
ceived azathioprine or cyclophosphamide during the 
follow-up period. 

In addition to their relation to the EDSS score, high 
cerebrospinal fluid levels of TNF-a at the begin- 
ning of the study implied a poor prognosis, since 
these levels correlated with an increase in the degree 
of disability over the next two years (Fig. 4). High 
cerebrospinal fluid levels of TNF-a also correlated 
with increased EDSS scores at the 24-month visit 
(r = 0.873, P<0.001). Although the EDSS score cor- 
related with the value for the progression index at 
entry (r = 0.741, P<0.001), the index values re- 
mained remarkably stable throughout the study peri- 
od (Table 2). Nonetheless, high cerebrospinal fluid 
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Table 1 . Clinical and Biochemical Indicators in 32 
Patients with Chronic Progressive Multiple 
Sclerosis. 



Variable 


Mean ±SEM 


P Value* 


EDSS at entry 


3.66±0.15 


<0.0005 


Change in EDSSt 


1.78±0.25 


<0.0001 


Progression index 


0.99±0.07 


0.027 


Disease duration (yr) 


3.86±0.41 


NS 


Intrathecal IgG synthesis (mg/day) 


18.46±2.65 


NS 


Cerebrospinal fluid total protein 


0.58 ±0.18 


NS 


(g/liter) 






Pleocytosis (no. of cells/mm 3 ) 


8.27±0.91 


NS 



*P values are for multivariate regression analysis of the relations of 
TNF-a levels in cerebrospinal fluid. NS denotes not significant. 

tChange in the EDSS score from the first visit to the 24-month visit. 



levels of TNF-a correlated with the value for the pro- 
gression index at the end of the study (r = 0.851, 
P<0.001). 

Discussion 

We found significantly higher levels of TNF-a in 
the cerebrospinal fluid of patients with chronic pro- 
gressive multiple sclerosis than in patients with stable 
multiple sclerosis or with other neurologic diseases. 
Cerebrospinal fluid levels of TNF-a were also corre- 
lated with the degree of disability in patients with 
progressive disease, and high levels predicted a poor 
prognosis during a 24-month period of observation. 
These results support a role for TNF-a in the progres- 
sion of multiple sclerosis. It has already been suggest- 
ed that TNF-a has a role in the pathogenesis of de- 
my elination. 20 Cytotoxic T lymphocytes, which can 
produce TNF-a, are involved in the events leading to 
acute demyelination, 4 and TNF-a was reported to 
cause both disruption of myelin and permanent dam- 
age to oligodendrocytes. 8 Furthermore, significantly 
higher amounts of TNF-a were released by mitogen- 
stimulated cells obtained from patients with multiple 
sclerosis during clinical exacerbation than in those ob- 
tained from patients during remission. 21 

We evaluated the degree of disease progression 
in patients with chronic progressive multiple sclero- 
sis by calculating the decline in the EDSS score dur- 
ing the study period. Although the EDSS is an inher- 
ently ordinal scale and unit changes may not be 
of equal importance over its entire range, the aver- 
age decline in the scores reported here is clinically 



Table 2. Change in Clinical Indexes over a 24-Month Period in 32 
Patients with Chronic Progressive Multiple Sclerosis.* 





No. OF 


Change in 


Change in 


Group 


PATtENTS 


EDSS 


Progression Index 


Elevated TNF-a in CSF 


17 


2.94±0.18t 


0.18±0.07 


No TNF-a in CSF 


15 


0.96±0.14 


0.11 ±0.09 



♦Plus-minus values are means ±SEM. CSF denotes cerebrospinal fluid. 
tP = 0.004 by the two-sided Mann- Whitney test. 



important by any standard. Some natural-history 
studies and clinical trials 22 ' 23 indicate that the EDSS 
scores change less than 1 point per year in patients 
with chronic progressive multiple sclerosis. To mini- 
mize the number of patients whose conditions sta- 
bilized spontaneously during the study period, we 
adopted more demanding selection criteria than those 
used in previous studies. 24 ' 25 These strict entry re- 
quirements served to select patients with active dis- 
ease, whose EDSS scores during the study period de- 
clined by an average of more than 2 points. Other 
studies that employed similarly stringent criteria 26 " 28 
also reported an increase in the EDSS score of 2 or 
more points (up to 4) during a follow-up period of 18 
to 30 months. 

It is important to note that each grade of disease 
disability in the study patients with multiple scle- 
rosis was associated with a reasonable distribution 
of observed TNF-a concentrations, with no major 
overlap between individual grades. This fact, coupled 




Change in EDSS Score 

Figure 4. Relation between the TNF-a Level in Cerebrospinal 
Fluid on the First Visit and the Change in the EDSS Score from 

the First Visit to the 24-Month Visit. 
Values are means ±SEM. The number of patients in each cate- 
gory is also shown. Fifteen patients with no detectable TNF-a in 
cerebrospinal fluid were not included. Levels of TNF-a in cerebro- 
spinal fluid were significantly correlated with the difference 
between the two EDSS scores (P<0.001). 

with the significant correlations, suggests that TNF-a 
may be an indicator of disease progression in patients 
with multiple sclerosis. Whether TNF-a is directly 
involved in the progression of multiple sclerosis or 
merely reflects other basic processes is unclear. How- 
ever, TNF-a causes severe damage to human endothe- 
lial cells 29 and induces vascular "leak" syndrome 30 — 
effects that may be relevant to disease progression 
in multiple sclerosis. Experimental, pathological, 
and imaging data suggest that a fundamental feature 
of lesions in active multiple sclerosis is local break- 
down of the endothelial barriers, particularly the 
blood- brain barrier. 31 " 33 The principal inflammatory 
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process in this disease usually occurs around blood 
vessels, with only scanty inflammatory activity in 
the brain parenchyma. 34 Macrophages, which are 
abundant in all acute perivascular brain lesions, 34 are 
the most potent producers of TNF-a. The perivascu- 
lar infiltrate in brain lesions in multiple sclerosis also 
contains activated lymphocytes, which can produce 
TNF-a. 

Our finding that the cerebrospinal fluid of patients 
with chronic progressive multiple sclerosis had signifi- 
cantly higher levels of TNF-a than did corresponding 
serum samples suggests that this cytokine is released 
locally in the intrathecal compartment. The lack of 
correlation between the presence of pleocytosis and 
TNF-a levels suggests that TNF-a may be derived 
from the central nervous system and not cerebrospinal 
fluid cells. Production of TNF-a by the central nerv- 
ous system may result from its release by macrophages 
and T lymphocytes, which are abundant in brain le- 
sions due to multiple sclerosis, as well as by astrocytes 
and microglial cells. 35,36 TNF-a has been detected in 
astrocytes in brain tissues of patients with multiple 
sclerosis. 37 The failure to detect TNF-a in the cerebro- 
spinal fluid of patients with multiple sclerosis in an- 
other study 38 may have been due to differences in the 
way patients were selected or to the instability of 
TNF-a if it is not treated with a protease inhibitor. In 
addition, the ability to detect TNF-a depends on the 
particular assay used, since different procedures have 
been shown to vary significantly in their sensitivity 
and limits of detection. 39 Our demonstration of a sig- 
nificant increase in TNF-a levels in cerebrospinal 
fluid relative to levels in serum has been corroborated 
by a recent independent study. 40 

We found no correlation of neurologic impairment 
with serum TNF-a levels in patients with multiple 
sclerosis. This finding raises the possibility that intra- 
thecal concentrations of TNF-a are more important 
than systemic levels in the clinical progression, and 
perhaps histologic activity, of multiple sclerosis. Be- 
cause this study was blinded, we were unaware of the 
clinical importance of TNF-a levels in cerebrospinal 
fluid during the follow-up period. Thus, repeated col- 
lections of cerebrospinal fluid samples were not ethi- 
cally justified. However, repeated measurements are 
indicated to evaluate how changes in TNF-a levels 
may be correlated with changes in the trajectory of the 
disease. Similarly, further studies will be required to 
elucidate the interactions of TNF-a and other cyto- 
kines, such as lymphotoxin, in the progression of mul- 
tiple sclerosis. 

The findings presented here may have important 
prognostic and therapeutic implications. A test based 
on cerebrospinal fluid analysis that can predict the 
progression of multiple sclerosis could be regard- 
ed as a marker of activity and would be of great 
importance in monitoring outcome. The removal 
of TNF-a 41 or neutralization of its effect 42,43 might 



be of benefit in patients with chronic progressive 
multiple sclerosis. 

We are indebted to June Smalley, who tirelessly developed and 
appended computer data-base files while blinded to clinical and 
pathologic data; to Naghat Lakdawala for preparing and coding the 
samples while blinded to clinical information; to Magenlal Cho- 
whan for detecting oligoclonal IgG bands; and to the neurologists 
who allowed us to obtain clinical data on their patients. 
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